Aims: There is mixed evidence for an association between depression and/or anxiety (DA) and carotid intima-media thickness (IMT), and limited information on the related role of dyslipidaemia. Here we report associations between DA and IMT in the Whitehall II cohort, considering the moderating effects of sex and dyslipidaemia.
Introduction
Depression and anxiety, which have a high level of comorbidity, are associated with increased risk of cardiovascular disease within the general population and risk of recurrent coronary events. [1] [2] [3] [4] However, whether these chronic stressors trigger cardiovascular events in those with underlying disease and/or contribute to the development of atherosclerotic disease is unclear. [1] [2] [3] 5 Depression and/or anxiety (DA) disorders are more prevalent in women, whereas cardiovascular disease (CVD) is traditionally more prevalent in men, 6, 7 with conflicting associations between depression and CVD in men and women. [8] [9] [10] [11] Increased intima-media thickness (IMT) reflects sub-clinical arterial disease and predicts clinical cardiovascular events. 12 Both depression and anxiety have been associated with increased IMT in some studies but others found no association, or differing results by sex. [13] [14] [15] [16] [17] [18] Dyslipidaemia is a key determinant of atherosclerosis and is associated with increased IMT. 19 However, the relationship between DA and dyslipidaemia is less clear. 20, 21 Regardless of how DA influences CVD risk factors, the effects of DA on atherogenesis may be greater in those with risk factors (e.g. dyslipidaemia), but have not been investigated specifically.
To investigate this issue, we hypothesised that DA would be associated with carotid IMT, that this relationship differed by sex and would be stronger among participants with dyslipidaemia.
Patients and methods

Participants
The Whitehall II cohort comprised 10,308 civil servants recruited between 1985 and 1988, undergoing regular follow-up. In 2002-4 (Phase 7), 4,097 participants completed questionnaires including questions regarding depression and anxiety symptoms and underwent assessment of 
Carotid intima-media thickness
The IMT of the far wall of both common carotid arteries was measured. The mean of the two arteries was taken (supplement).
Depression and/or anxiety
Participants completed the General Health Questionnaire (GHQ) and the Centre for Epidemiologic Studies Depression Scale (CES-D) (supplement) and were categorised thereby into two groups as having DA or neither. Depression was defined if meeting ≥1 of the following criteria: score ≥4 on GHQ depression subscale; score ≥16 on the CES-D scale; prior diagnosis of depression; prescribed antidepressant medications. Anxiety was defined if meeting ≥1 of the following criteria: score ≥5 on GHQ anxiety subscale and/or use of anxiolytic medication.
Dyslipidaemia
Fasting blood was collected for total cholesterol (TC), high density lipoprotein (HDL-C) and triglycerides (Trigs); low density lipoprotein (LDL-C) was calculated using the Friedewald formula; non-HDL-C was calculated from TC and HDL-C 22 . Participants were categorized with dyslipidaemia if meeting ≥1 of the following: TC >6.0, Trigs>1.7, HDL-C<1.0 and LDL-C>4.0mmol/L or receiving lipid lowering therapy. Glucose, C-reactive protein (CRP) and interleukin-6 (IL-6) were also measured (supplement).
Other covariates
Anthropometric measures including height, weight, hip and waist measurements were taken and body mass index (BMI) was calculated. Seated brachial blood pressure was assessed using an automated Omron 907 device.
Statistical analysis
In brief, right-skewed distributions were log transformed and cardiovascular risk factors compared between those included and excluded from the analytical sample using standard tests. The relationship between DA and IMT was explored using multiple regression and adjusted for cardiovascular risk factors. Interaction terms between DA and sex showed that the effects of DA on IMT differed between men and women. Subsequent analyses, therefore, were conducted separately in men and women. (Full details in supplement).
Results
The cohort consisted of 3,934 participants with complete data on IMT, GHQ score and all covariates (supplementary Figure 1 ). These participants did not differ in age from the 2,521 who were not included in this sample, but had a more favourable cardiovascular risk profile ( Supplementary Table   1 ). Study population characteristics are shown by sex in Table 1 (combined in Supplementary Table   1 ).
Relationship between depression and/or anxiety and IMT
1,461(37%) participants (937 [33%] men and 524 [47%] women) were categorised with DA.
IMT was correlated with all risk factors, whereas DA was negatively correlated with age, systolic blood pressure and IMT (Supplementary Table 2 ).
In men and women combined, unadjusted analysis showed IMT was negatively associated with DA (Cohen's D=-0.09, p=0.006). However, adjustment for cardiovascular risk factors removed this association (p=0.96). Inclusion of the interaction variable "DA by sex" demonstrated that the association of DA with IMT differed between men and women (sex*DA interaction, p=0.016).
Therefore, further analyses were conducted separately for men and women. Adjustment for the presence of dyslipidaemia confirmed the sex differences in the relationship between DA and IMT ( Table 2 ).
In men, there was an association between dyslipidaemia and IMT (Cohen's D=0.12, p=0.002), but no association between DA and IMT (p=0.27) plus no interaction between dyslipidaemia and DA on IMT (p=0.50).
However, in women there were independent associations between IMT and both dyslipidaemia (Cohen's D=0.14, p=0.028) and DA (Cohen's D=0.13, p=0.031), but no evidence of an interaction between dyslipidaemia and DA on IMT (p=0.15). Thus, women with both DA and dyslipidaemia have greater IMT than those in other categories ( Figure 1 ). Further adjustment for use of antihypertensive medication did not affect these findings (data not shown). The associations between DA and IMT were unaffected following sensitivity analysis using a more extreme cut-off for anxiety (Supplementary Table 5 ). When the DA group was separated into D only, A only and D+A, there was no overall difference in IMT for either men or women (supplementary Table 3 ). However, women with D+A had greater IMT than those with neither (Cohen's D=0.17 p=0.047). This was replicated in the sensitivity analysis using a greater threshold for anxiety and resulted in greater separation in IMT between those with D+A versus neither (Cohen's D=0.22 p=0.025) (Supplementary Table 5 ).
We also explored the relationship between non-HDL-C, DA and sex (excluding those on lipid lowering therapy). The association between DA and IMT still differed by sex (DA by sex interaction, Cohen's D=0.19, p=0.013), therefore, the association between DA and non-HDL-C was examined separately in men and women.
Furthermore, consideration of non-HDL-C confirmed the differences in the effect of DA on IMT between the sexes ( Table 2 ). In men, there was a strong positive association between non-HDL-C and IMT (Cohen's D=0.22, p<0.001), but no association between DA and IMT (p=0.32). There was no evidence for an interaction effect between non-HDL-C and DA on IMT (p=0.93). In women, both non-HDL-C (Cohen's D=0.20, p=0.016) and DA (Cohen's D=0.14, p=0.025) were independently 8 associated with IMT with no interaction (p=0.70). Thus, women with both DA and high non-HDL-C have greater IMT than those in other categories (as for women with DA and dyslipidaemia).
Relationship between GHQ score and IMT
GHQ score was higher in women than men (Cohen's D=0.17, p<0.001), positively correlated with BMI, and negatively correlated with age, systolic and diastolic blood pressure and IMT (Supplementary Table 4 ). However, following adjustment for major cardiovascular risk factors, this association between GHQ score and IMT disappeared (p=0.33). The addition of an interaction term between sex and GHQ score again showed that the association of GHQ score with IMT differed between men and women (Cohen's D=0.07, p=0.05). The results mirrored those with DA such that, in women, both dyslipidaemia (Cohen's D=0.14, p=0.024) and GHQ score (Cohen's D=0.08, p=0.010) were independently associated with IMT, but without interaction (p=0.82). In men, dyslipidaemia (Cohen's D=0.13, p=0.002), but not GHQ score (p=0.93), was associated with IMT and there was no interaction (p=0.31).
Discussion
Our principal findings are finding that women with both DA and dyslipidaemia have greater IMT than women within the other categories. Sex had a moderating effect on the relationship between DA and IMT: women with DA were more likely to have greater IMT than those without DA, but no such relationship is seen in men.
Sex differences in the associations of depression and/or anxiety with IMT
Our finding of a moderating effect of sex on the association between DA and IMT with higher IMT in women with DA agrees with previous work. 17, 23 However, studies tended to consider depression or anxiety individually, despite co-morbidity between the two conditions. In a middle-aged Korean cohort, females with depressive symptoms had greater IMT, but there was no such difference in males. 17 In contrast, in a Hispanic cohort, a moderating effect of sex on IMT in depression was only found in males. 16 The reasons for these differences are unclear, but neurological influences may contribute. Women appear to have greater amygdala activity in response to negative emotion, linked to greater prevalence of depression. 24 A small study found that greater amygdala activity, in response to behaviourally relevant stimuli, is associated with increased IMT. 25 Loss of the protective effect of oestrogen in postmenopausal women may also contribute as IMT progression accelerates beyond the age of 50, 26 as may methodological differences in the assessment of cIMT and DA symptoms. 16, 17 Furthermore, depression develops earlier in women, potentially extending exposure promoting subclinical atherogenesis. 27 
Dyslipidaemia, depression and/or anxiety
The observation that women with DA who also have dyslipidaemia had greater IMT is particularly interesting. Although differences between the groups were small, the adjusted effect of DA on IMT in women is similar in magnitude to that of dyslipidaemia in both sexes (according to both absolute and Cohen's D values). Thus, the cumulative combined effect on the arteries could have a clinically significant impact over time, as seen in both the healthy population and those with pre-existing coronary disease. 1, 2, 20, 21 Our findings identify a group of older women with high lipid levels and DA symptoms, that are potentially at greater risk of future cardiovascular events. Analyses categorising the participants into the separate depression, anxiety or depression and anxiety indicated that both groups with depression had greater IMT, but it was only the combined group where this difference was significant when compared with those without either depression or anxiety. However, diminishing numbers in these subgroups limits analysis power.
Our study explored a prespecified hypothesis that the presence of dyslipidaemia, itself associated with subclinical vascular pathophysiology and worse cardiovascular outcome, 19, 28, 29 would be associated with DA and arterial disease. Patients with depression or anxiety have been shown to have increased lipid levels and increased risk of cardiovascular disease 1, 2, 21 and patients with more severe symptoms of DA are more prone to dyslipidaemia alongside obesity. 20 Notably, we found the relationship between dyslipidaemia and IMT remained after adjustment for obesity measures. The combination of depression and dyslipidaemia resulting in the greatest IMT in these women may be due to a mixture of lifestyle factors, and biological mechanisms such as inflammation (although we found no evidence of a further interaction between DA and CRP or IL6 [data not shown]), as well as other possible psychophysiological influences on lipid metabolism.
Little previous work has explored the impact of specific cardiovascular risk factors on the relationship between DA and subclinical vascular pathophysiology. Violanti et al found an association between depressive symptoms and IMT but only in those without hypertension. 30 Wagner et al found that type 2 diabetes had no impact on the association between lifetime history of depression and impaired endothelial function. 31 Therefore, the finding that women with DA and dyslipidaemia have greater IMT, may have important clinical implications, suggesting that there may be a particular benefit in treating dyslipidaemia in women with DA. Our findings confirm the importance of dyslipidaemia in men but suggest no incremental impact of DA on atherogenesis. We hypothesised that dyslipidaemia would be associated with subclinical arterial disease (cIMT) in DA in our prespecified analysis plan, rather than undertaking a "hypothesis-generating" exploratory analysis of multiple primary risk factors of interest (e.g. smoking, hypertension, diabetes, inflammation), but fully adjusted for these parameters in our multivariable analyses.
Potential mechanisms
A number of potential mechanisms may mediate the risk of cardiovascular disease in depression/anxiety, including increased hypothalamic-pituitary-adrenal axis activity (HPA) and inflammation, which promote cardiovascular and platelet dysfunction. [32] [33] [34] Lifestyle behaviours including cigarette smoking, lower physical activity and poor diet are all associated with common mental disorders and increased cardiovascular risk 3, 35 through creation of an atherogenic vascular milieu. Although we adjusted for socioeconomic status, smoking and obesity, other less well-characterised "lifestyle"-related factors may have contributed.
Limitations
IMT was only assessed during Phase 7 of the WHII study. Therefore, we were only able to explore cross-sectional but not prospective relationships between DA and IMT. The depression group is a composite of participants, including those with symptoms meeting depression 'cut-offs', those previously diagnosed as depressed and those taking anti-depressant medication. Thus, a wide range of symptom severity from mild-to severe clinical-depression, may have differing relationships with the vascular measures. Not all participants would have currently been undergoing a depressive episode, as participants previously diagnosed with depression were included in the depression group.
Equally, both the GHQ and CES-D questionnaires only concern recent symptoms and so may miss those participants who have previously had a biologically relevant period of DA. This study also could not discriminate single or recurrent episodes of DA. These limitations also apply to some extent to those with anxiety.
DA was examined as a combined variable due to the considerable overlap in conditions. However, we did consider depression and anxiety conditions separately and combined but found no overall differences in IMT between the four symptom groups. Whether these tools for identifying DA symptoms are sensitive enough to fully disentangle A from D is uncertain. Furthermore, splitting the analysis by gender and DA category reduces the group size considerably and we cannot be sure that the study was sufficiently powered to assess the separate effect of D and A. A larger prospective cohort would be required. Despite this, most of the associations described in women have small effect sizes, below or close to 0.2 as indicated by Cohen's D measure of the standardised effect (albeit similar in magnitude to the relationship between dsylipidaemia and IMT in men). Confirmatory findings from other studies are needed before these results could be generalised.
Only a small proportion of those classified with DA were taking psychotropic medication, similar to prior observations in EUROASPIRE cardiac patients. 36 This may partly be due to our only assessing current, but not prior, symptoms and use of psychotropic medication; plus a large proportion of those with DA were likely to subclinical or mild symptomology. There may also have been a reluctance to declare psychotropic medication use due to perceived stigma.
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As this was a relatively healthy population, the dyslipidaemia definition was quite broad, therefore participants meeting the criteria did not necessarily have severe dyslipidaemia. The lipid cut-offs were based on European Guidelines and associated with increased cardiovascular risk. 37 Using more stringent lipid levels would reduce sample size, with consequent loss of power. However, similar relationships were observed when restricting the analysis to non-HDL-C.
Conclusion
In conclusion, we found that women with DA and dyslipidaemia have increased IMT. Regardless of the presence or absence of dyslipidaemia, DA did not have a significant effect on IMT in men. <0.001 0.016 a Associations of depression and/or anxiety and dyslipidaemia (Analysis A) and of depression and/or anxiety and non-HDL (Analysis B), are mutually adjusted. All analyses are also adjusted for age, systolic blood pressure, waist circumference, body mass index, fasting glucose, c-reactive protein, interleukin-6, smoking status and socio-economic status. 
